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l (Kögl and Kostermans 1934, Went and Thimann 1937):Ôƍ IAAǼ`ƍóĽ9Àǘ9Eiaǥǧ^
ȂËNlǅŎ_ǲÃďr¡©¯^iVYǕƮLmYEk9ȋĤ^ǅȉ]g_[]VYBl (Sauer 







MYņŃƕ^ÈƏNl(Hayashi et al. 2008, 2012):dS9x¯{­_ƍóĽȃĔÞ[MY9TAA1 p
ȃĔNl Pyruvamin(PVM)ȔNarukawa et al. 2017țÿȖȕh YUCpȃĔNl 4-phenoxyphenylboronic 
acid (PPBo)ȔKakei et al. 2015țÿȖȕGƚjmYBl:ŢƜƨZ`9Kmj_ȃĔÞpƏBlK[
ZÔƍ  Ǽ_ÜĲŲů^WBYǉŦpǂVS:
  ƍóĽƵǡ^WBY`©r­Ȕ,+ȕÊĐƕ9ȋÊĐƕ]ƍóĽƵǡGćøG]Lm

























 ¬u^EBY9IAA `Ű;]ǸƳ^iVYÀǘLml:K_ÀǘƵǡ`Ôƍ IAA Ǽ
_ƷŇ^ȂoVYBl[BC_GǩǔZAl: IAA _Àǘ^WBY`ǹãLmS 2-oxoindole-
3-acetic acid (2oxIAA)h IAAs¡ǹ­¦~¯ȔIAA-AAȕ]\GćøLmYBl:K_¶
Z92oxIAAG·ǆ]´źãLmSÀǘƎƇZAk(Östin et al. 1998, Kai et al. 2007)9Diamine oxidase 
(DAO) ^iVYǊĎLmlK[GƚjmYBlȔPorco et al. 2016, Zhang et al. 2016țÿȖȕ:IAA-AA
` acyl acid amido synthaseZAl Gretchen Hagen 3 (GH3)^iVY9IAA-AApóĽNlK[Gƚj
mYBlȔStaswick et al. 2005ȕ:IAA-AA^`´źĹĄ*[ǝƿĄ*GĐĂM9ǝƿĄ`áŷÙǉǸƳ
*^iVY IAA ^]l[LmYBl(ÿȖ):GH3 ǲÃď`x¯{­ŕşĸƫĹ_ǲÃď[MYƚ
jmYBl:dS9DAO_ųŋċƓÇZ`´źãĄ IAA-AAG²ŖM9DAO_ǬßƔƊÇZ`´




















Fig. 1Regulation of IAA biosynthesis and metabolism.
IAA biosynthesis  and  metabolic  pathways  are  presented  with  the  feedback regulatory  meckanisms and enzyme 
inhibitors used in this study. Thick arrows indicate metabolic flow, while thin lines (with flat arrow head) indicate 
negative  feedback  regulation  of  aucin  biosynthesis  or  inhibition  of  auxin  biosynthesis  by  specific  biosynthesis 
inhibitors. Solid arrows indicate enzymatic reactions confirmed both in vivo and in vitro. Dashed arrows indicate 
proposed pathways for auxin reserve consisting of IAA-amide conjugates based mainly on in vitro enzyme activities. 




























TSB 	: Tryptophan synthase β	
TAA1/TARs : Tryptophan monoxygenase	
YUCs 	: YUCCAs 	
GH3 	: GRETCHEN HAGEN3 	
ILR1 	: IAA-Leucine resistant 1 	
IAR3 	: IAA-Alanine resistant 3	




IAA 	: Indole-3-acetic acid	






PPBo 	: 4-phenoxyphenyl boronic acid	
Reversible amide 	
Conjugate	





































































u¯ȔũīÂơ{s~­, TissueLyser6ȕpƏB920 Hz, 1 min _ŤÁZÖƶƞƝMS:RNA_
ńØ` RNAzol®RT RNA èȊǏǀȔMolecular Research Center ơȕpƏBǄú_¬ª^İV
YǂVS:Q__U9ReverTraAceȔTOYOBO ơȕpƏBǄú_¬ª^İVYńØMS RNA
p cDNA^ǨǣÕMS:ſĒ^` GeneAce SYBER8 qPCR Mixα Low ROXȔũīÂơ­¯




 IAAEia9Q_ÀǘƎƇh¶ȁÇ_ſĒ`UPLC-MS/MSȔUPLC-MS/MS Ultra-performance Liquid 
Chromatography H-Class- Xevo TQ Detector, WatersơȕZſĒMS:òÝȏÇh¶ȁÇ9ÀǘƎƇ`
QmRmƽǰ]ŤÁŮǌpǂBǎĒMS:EEiQ_Żm[MY`9ŭƇ­ª_ƍǺǼ_ǋſ
pǂB9Ɨį^żÇƩƳZÖƶLPS:ŭƇ­ª`ªs¯[t¦¨u¯
ȔTissueLyser6, QiagenȕpƏB920 Hz, 1 min _ŤÁZÖƶƞƝM9òÔǵűƀpáD945^E
BY 50%MeCNZńØMS:QuEChERSǏǀ^ikżżÙǶMSį9Waterơ_ Oasis HLBy¨¢
[ Oasis MCXZLj^ưǄMS:£{¢ãǏǀpƏBYǑĚÇãNl­ª^WBY`9ż
żÙǶį^9ƑÙp×ƋMYBl:ò­ª^WH93 ƑÙpÙîM920%MeCN ^ƁǉLP9




1) SCFTIR1/AFB}ªÃǭƵǡp½MS IAAƍóĽǸƳ_ƔƊǉŦ  
 IAA_ƍóĽpÜĲMYBlÍñÃǭƵǡpǉŗNlSf9PEO-IAA×ƋMSǻƍĄ_Ôƍ IAA
ǼpſĒMS:ôŰ^9SCFTIR1/AFBïĕÇ_ÍñÃǭƵǡ_ċƓÇ_Ôƍ IAA Ǽ_ǉŦpǂVS:
dOŭƇÇ^ PEO-IAAp×ƋMS[Kn9š×Ƌä[ŵcYÔƍ_ IAAǼGĊáMS(ÿ 2):ôŰ
^9}ªÃǭ^Ȃol Aux/IAAǲÃď_¡­ztċƓÇ axr2-1*h axr3-3*hx¯
{­ïĕÇ_ŲƼųŋċƓÇ tir1 afb1, 2, 3`ǻƍũ[ŵcYÔƍ_ IAAǼGȑBK[GÙFVS
Ȕÿ 3ȕ:Ŵ^9K_Ôƍ IAA_ĊáG IAAƍóĽǸƳ_ǣÕÜĲp½MSg_]_FǕclSf
^9PEO-IAAh IAApŭƇ^×ƋMSȅ_ IAAƍóĽǸƳ_ǲÃďƔƊǉŦpǂVS:ǻƍũ^
PEO-IAAp×ƋNl[ YUCǲÃď_ƔƊG²ŖM9IAApÓ×ƋNlK[ZƔƊ«ªGľlK





ãM93 Śȁ 10µM PEO-IAA ×ƋpǂVS:ă²ǵ[ă³ǵ^ÙJ
Y­©­}M9LC-MS/MS pƏBYǉŦMS:t ŮĒpƏBY
Mock^gMI`ǻƍũ^ęMYŞƅģŮĒpǂB9Şļŷƀ^Al
¯ps©|^YƠN (*; P < 0.05, **Ȝ P < 0.01 ):  
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Fig. 1.1. Effect of PEO-IAA treatment on endogenous IAA levels in Arabidopsis seedlings 
 
Endogenous IAA levels were analyzed using LC-MS/MS in 10-day-old wild-type seedlings. 
The seedlings were treated with 10 µM PEO-IAA for 3 h. Data represent the mean ± SE (n = 
3). Statistically significant differences relative to the mock treatment are indicated by 






ÿ  3țx¯{­}ªÃǭċƓÇ_Ôƍ IAAǼ:axr2-1, axr3-3, tir1-1 afb1-1 afb2-1 afb3-1 
(tir1 afb1, 2, 3), 35S-TIR1 line #14, [ 35S-TIR1 line #15_ċƓÇŭƇÇ` 10ŔȁŗĿZąȎMS_
U­©­}MS:ÒŭƇÇFj IAApńØM9LC-MS/MSpƏBYÔƍ IAAǼpǉŦMS: 
ÿ  4țPEO-IAA [ IAA×Ƌ^ilƍóĽǸƳǲÃď_ƔƊĸƫ:ă³ǵZ·^ƔƊMYBl YUC3, 
5, 6, 7, 8, 9, TAA1ǲÃď_ƔƊ«ªp qPCRZǉŦMS:ŭƇÇ` 9ŔȁŗĿZĀĭąăZąȎ




ps©|^YƠN (*; P < 0.05, **Ȝ P < 0.01 ):  
 






l IAA_ÀǘƎƇ`ŮØLm]FVSȔÿ 5ȕ: 
 










Supplemental Fig. 1.6 YUC gene expression in response to the auxin-signaling inhibitor, 
PEO-IAA in shoot 
 
Ten-day-old A. thaliana (Col-0) seedlings were treated with 10 µM PEO-IAA, 1 µM IAA, or 
a combination of both. Expression of YUC and TAR2 genes was analyzed using qRT-PCR. 
Gene expression in response to inhibitor and/or auxin treatment is presented on a scale of log2 
as values relative to those of the mock treatment (defined as 0 on a log2 scale) after 
normalization to UBQ10 expression levels. Data represent the mean ± SE (n = 3). 
Statistically significant differences relative to the mock treatment are indicated by asterisks 
(significance of induction or repression was determined based on the one-sided Student’s 



















Fig. 1.2. Endogenous IAA levels of auxin-signaling mutants 
 
 Wild type (WT); the auxin-signaling mutants, axr2-1, axr3-3, and tir1-1afb1-1afb2-1afb3-1 
(tir1 afb1, 2, 3); 35S-TIR1 line #14; and 35S-TIR1 line #15 were grown for 9 d in 0.5× MS 
medium. The endogenous IAA levels were analyzed using LC-MS/MS. Data represent the 
mean ± SE (n = 3). Statistically significant differences relative to the mock treatment are 
indicated by asterisks (significance of induction or repression was analyzed using the 
one-sided Student’s t-test; *; P < 0.05, ** P < 0.01). 
  



















































IAA-Ala is N.D. in 	
seeds





























































































































IAA-Ala is N.D. in 	
shoots or roots
IAA- Leu is N.D. in	
shoots or roots	 ǝƿĄ IAA-AAs 
ÀǘĄ IAA-AAs 
 v 
Ŵ^9ǝƿĄ_ IAA-AA GÔƍ IAA Ǽ_ĺĤĹpƷŇNlSf^`áŷÙǉpǂCĶǆGAl:
QKZ9ǣÕ«ª^EBY ILR h IAR ǲÃďGx¯{­^ĸƫNlF^WBYŮǌpǂVS:
¬uēƍ^x¯{­hȃĔÞp×ƋMY9ƍóĽhÀǘ^ȂolǸƳ_ǲÃď_ƔƊ




QKZ9x¯{­ƍóĽȃĔÞpƏBY·ūǿ_Äǿ^ęNlýĳǏȐpǂVS (ÿ 7) :x¯
{­ƍóĽȃĔÞ^ū_ÄǿȃĔ` 10 nM _ IAA pŽáNlK[^iVYýĳNlȔÿ 7Aȕ:
Ŵ^9´źĹĄ[ǝƿĄ_ IAA-AApƏBYôŰ^ýĳǏȐpǂVS (ÿ 7B):Q_ƶŨ9Kmj



















_ƔƊǉŦ:ǉŦęǛ`ƍóĽǲÃď YUC 7, 8 [´źĹĄ IAA-AA póĽNl GH3.1, GH3.17, 
DAO1,QMYǝƿĄ IAA-AApźĹĄ^ľNSf_áŷÙǉǸƳ ILR1, ILL6, ILL2, ILL1, IAR3ZA
l:ŭƇÇ` 9ŔȁŗĿZĀĭąăZąȎMS:Q_į9żÇąăZȖŔȌãM93Śȁ 10 µM PVM,3 
µM PPBo, 1 µM IAA×ƋpǂB9ūp­©­}MY RNApńØMS:ǲÃďƔƊǼ` UBQ10
_ƔƊ«ª^ęMYƘęãM9Mock ×ƋpȖ[MYǃMS:űƀǓģpw¨¯¯^ƠNǲÃ
ďƔƊǼ` UBQ10 _ƔƊ«ª^ęMYƘęãM9Mock ×ƋpȖ[MYǃMS (n=3):t ŮĒp
ƏBY Mock^gMI`ǻƍũ^ęMYŞƅģŮĒpǂB9Şļŷƀ^Al¯ps©|
























































































GH3.1 GH3.17 DAO1 YUC7 YUC8 ILR1 ILL6 ILL2 ILL1 IAR3
**






































ÿ 7ț¬up 10Ŕȁ 10 µM PVM gMI`93 µM PPBop÷eĀĭąăZŗĿZąȎM
S:IAA×Ƌ^ilýĳǏȐ(A)[9IAA-AApƏBSýĳǏȐ_ƶŨȔBȕpǂB·ūǿpſĒM
S:űƀǓģpw¨¯¯^ƠN (n=20):tŮĒpƏBYǻƍũ^ęMYŞƅģŮĒpǂB9Şļ
ŷƀ^Al¯ps©|^YƠN (**ȜP < 0.01 ):  
 
4.ǌǖ 
1) SCFTIR1/AFBïĕÇp½MS IAAƍóĽǸƳ_ƔƊÜĲ  
 x¯{­_ÔƍǼpƷŇNlŲů[MY9¼dZƍóĽ«ª^EJlǕƮŲů^WBY`š
T^ŗjF^LmY`B]B:ŭƇÇ^x¯{­×ƋpǂC[Ôƍ_ IAA ǼGžěM9YUC ǲ
Ãď_ƔƊǼG³Gl:N]oU YUC ǲÃď_ǣÕ«ªZǜ_t¯|ÜĲŲůGÏI





2) IAA-AA_ƍóĽƵǡ[ÀǘƵǡ_ĺĤĹƷŇ^EJlĮà  
 x¯{­_ÀǘƵǡGx¯{­_ÔƍǼ_ĺĤĹ^\_ƥĪĖµMYBlF^WBYŮǌ
MS:Q_ƶŨ9¬u_ēƍFj`´źãĄ_ IAA`ŮØLml_^ęM9ǝƿĄ[L
ml IAA_ÀǘƎƇ`ŮØLm]FVS(ÿ 5):dS9IAA_ƍóĽh´źĹĄ IAA-AAÀǘ^Ȃ
olǸƳ_ǲÃď`x¯{­hȃĔÞ×Ƌ^ĸƫMYx¯{­ǼpƷŇNlŒöb[ƔƊċ
âNl:Km^ęMY9ǝƿĄ[Lml IAA-AA_ÀǘƎƇpáŷÙǉNlǸƳ`óƋƕ]ƔƊĸ
ƫpM]FVSȔÿ 6ȕ:dS9IAA ƍóĽȃĔÞpƏBSýĳǏȐ_ƶŨFj IAA-AA `ȃĔÞ
^il·ūǿ_ŁÜpýĳM]BK[GÙFVSȔÿ 7ȕ:Kmj_K[Fj9ǩǔ^íMY9ǝƿ



































































































































































































































































































































































































































IAA-Ala [nM] IAA-Leu [nM]
IAA-Asp[nM] IAA-Glu [nM]
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TIR1/AFB (Transport Inhibitor Response1/Auxin F-Box signaling protein) `ŪÔ^Alx¯{­
ïĕÇ:TIR1/AFB` F-box­|ǟ[MY9§{­©y¯ZAl SCF (Skip,Cullin,  F-box 





¬s¯¢^iVYÙǉLml (Szemeyei et al. 2008):Aux/IAA`¬uuEBY 29
Ʀ_ƘôĹǲÃďGƟǐLmYBl:x¯{­ĸƫĹ_ǲÃď_²Ż^` TGTCTC ǶÚpŇW





Aux/IAA_£u­ II ` TIR1/AFBïĕÇ_ǐǙ^Ķǆ]£u­ZAk9KmpċƓMS­
|ǟpƔƊLPlK[^ik9x¯{­_}ªÃǭpĬÜƕ^ŁÜLPS axrċƓÇGĐĂ
Nl(De Rybel et al. 2009, Ma and Robert 2013): 
 
IAA-AAáŷÙǉǸƳ 
IAA LEU RESISTANT1 (ILR1)h IAA-ALA RESISTANT3 (IAR3)]\_ǸƳZAk9ǝƿĄ[Lml
IAA-Alah IAA-LeupáŷÙǉNlK[Z IAA^Nl:IAR3h ILL6G¥¤­ǹȔJAȕ_s¡
ǹ­¦~¯_áŷÙǉ^ȂoVYEk9ȆĔh JA^ĸƫMYƔƊG²ŖNlK[Fj JA
[ IAA_|¬¯|^ȂoVYBl[_ćøgAlȔWidemann et al. 2013, Zhang et al. 2016ȕ: 
 
´źĹĄ_ IAA-AAs 
IAA-Glutamate (IAA-Glu)[ IAA-Aspartate (IAA-Asp)`´źĹĄ_ IAA-AA[MYƚjmYEk9ŭ
ƇÇFjgȍƹ^ŮØLml(Östin et al. 1998, Kai et al. 2007, Novak et al. 2012, Pencik et al. 2013, 




IAAǼ^ęMYĴǼZAk(Östin et al. 1992, Kowalczyk and Sandberg 2001)9ŮØLm]B[_ćø
gAl(Kai et al. 2007, Novak et al., 2012,Porco et al. 2016): 
